Identification of biomarkers that correlate with prognosis is crucial in hepatocellular carcinoma (HCC) because of the high recurrence rates seen after surgical treatments. Serum levels of α-fetoprotein (AFP) are widely used clinically, but the prognostic value of AFP remains unclear. AFP levels are influenced not only by the presence of HCC but also by the severity of the underlying liver disease. Furthermore, AFP could be normal in up to 30% of HCC patients. Thus, additional biomarkers are needed. Insulin-like growth factors 1 (IGF-1) is a growth factor with dose-dependent proliferation and anabolic effects, and its interaction with IGF-1 receptor (IGF-1R) may promote tumor progression. On the other hand, hepatic synthesis of IGF-1 is significantly reduced due to underlying chronic liver disease in HCC patients, and previous studies demonstrated that circulating IGF-1 is a useful predictor of hepatic reserve in HCC patients. We evaluated circulating IGF-1 and AFP levels in a cohort of HCC patients undergoing liver resection or liver transplantation at a single institution (Fundeni Clinical Institute, Romania). We found that plasma IGF-1 was decreased in HCC patients as compared with healthy individuals, and that plasma IGF-1 was associated with the presence of cirrhosis in HCC patients. In addition, we found that plasma IGF-1 levels were significantly associated with disease-free survival (DFS) and overall survival (OS). This correlation was due to the significant association between higher IGF-1 and more favorable DFS and OS following liver transplantation. Independent validation of this biomarker is warranted in the setting of liver transplantation to confirm and further define the prognostic implications of plasma IGF-1 in HCC patients.
INTRODUCTION INTRODUCTION
. HCC most commonly arises in the setting of underlying liver disease, secondary to either viral hepatitis, particularly caused by hepatitis B (HBV) or hepatitis C (HCV) virus, or other non-viral chronic liver diseases, such as alcoholic and non-alcoholic steatohepatitis (2, 3) . As a result of inefficient screening and its asymptomatic nature in the early stages, the majority of HCC cases are detected in advanced stages (4, 5) . There is a significant unmet need for new effective therapies for this aggressive malignancy, and prognosis remains poor (6) . Five-year recurrence rates approach 70% following surgical resection, and 10% to 54% of patients may have tumor recurrence after liver transplantation (6) (7) (8) (9) (10) . In this context, identification of biomarkers that correlate with earlier detection and prognosis is crucial and can be valuable in defining the patients most likely to benefit from a particular treatment. Serum level of α-fetoprotein (AFP) is widely used clinically, but its prognostic value remains unclear. AFP could be normal in up to 30% of HCC cases and its levels are influenced not only by the presence of HCC, but also by the severity of the underlying liver disease (11) . Thus, AFP is a biomarker with poor sensitivity and specificity (12) , and additional biomarkers are needed.
The GH-IGF system is an endocrine system consisting of growth hormone (GH), insulin-like growth factors 1 and 2 (IGF-1 and IGF-2) and associated carrier proteins, and somatostatin (SST) (13) . The GH-IGF system regulates cell proliferation, differentiation, and metabolism, and contributes to the pathogenesis of various malignancies, including HCC (14) (15) (16) . IGF-1 is a growth factor with dose-dependent proliferation and anabolic effects (17, 18) . Binding of IGF-1 to the IGF-1 kinase receptor (IGF-1R) leads to downstream activation of PI3K/AKT and MAPK pathways (14, 19) . In this manner, IGF-1/IGF-1R axis may promote tumor progression or treatment resistance (20) . Indeed, IGF-1R expression is upregulated in HCC, and IGF-1 inhibition can reduce the growth and invasion of HCC cells in vitro (21, 22) . Moreover, published data also suggest that IGF signaling could contribute to resistance to sorafenib, and anti-VEGFR tyrosine kinase inhibitor approved for advanced HCC (23, 24) . Consistent with this hypothesis, we previously reported that an increase in plasma IGF-1 after treatment with the anti-VEGFR tyrosine kinase inhibitor cediranib was associated with shorter progression-free survival (PFS) in advanced HCC patients (25) .
On the other hand, circulating levels of IGF-1 decrease sharply in patients with chronic liver diseases and HCC (15, (26) (27) (28) (29) (30) (31) (32) (33) because the liver synthesizes most of the circulating IGF-1 and previous studies demonstrated that serum IGF-1 is a useful predictor of hepatic reserve in HCC patients (14, 15, 31) . For example, lower baseline serum IGF-1 levels were associated with shorter overall survival (OS) in patients with HCC after surgical resection and were proposed as a prognostic factor for early recurrence (34) . Similarly, lower pretreatment serum IGF-1 was associated with higher risk of relapse following TACE in HCC patients (34, 35) . Given this dual biological and prognostic role of IGF-1 pathway in underlying chronic liver disease and in HCC progression, respectively, we evaluated plasma and serum IGF-1 in an observational study of HCC patients, with or without cirrhosis, who underwent surgical treatments at a single institution. We examined the biomarker value of circulating IGF-1 in identifying patients with cirrhosis, and its association with survival outcomes in HCC patients treated with surgical resection or liver transplantation.
PATIENTS AND METHODS PATIENTS AND METHODS

Patients and treatments
Study enrolled patients who were diagnosed with HCC and underwent surgical treatments at Fundeni Clinical Institute, Bucharest, Romania. Treatment selection (resection versus transplantation) was based on the tumor stage, the liver function evaluation using the BCLC scoring system, availability of liver donor, and surgeon's decision. Inclusion criteria allowed for prior locoregional treatments such as TACE. Exclusion criteria included distant metastasis and other primary liver cancers. We evaluated hepatitis viral markers B, C and D (HBV, HCV and HDV) and liver function parameters. Tumor recurrence was diagnosed according to the EASL-criteria. Patients were examined for HCC recurrence by ultrasonography. If recurrence was suspected, lesions were confirmed by contrast-enhanced MRI and lung CT. After recurrence, depending on the extent and localization of HCC recurrence, patients were assessed and received surgical or interventional (TACE or radiofrequency ablation) treatment. Patients with recurrence who were not eligible for surgical or interventional therapy were offered systemic therapy including sorafenib or radiotherapy. The study observed all the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Fundeni Clinical Institute Review board (30884/22.10.2014). No organs from executed prisoners were used. All study participants provided written informed consent prior to enrollment in this study.
Measurement of plasma and serum biomarkers
Plasma and serum aliquots were prepared from blood samples obtained prior to surgery and were stored at ≤ 78°C until collection of all samples. These samples were used to measure circulating concentrations of IGF-1 and AFP. Serum AFP was measured as per standard of care. Plasma AFP was measured using human AFP ELISA Kit (Catalog # : KA0202, Abnova, Walnut, CA). IGF-1 was measured using ELISA kits (R&D Systems, Minneapolis, MN). All samples were measured in duplicate in the CLIA-certified core of the Steele Laboratories at Massachusetts General Hospital, Boston, USA.
Statistical analysis
Time-to-recurrence was calculated as the period of time (in months) the from the initial surgical treatment to the first tumor recurrence. Freedom of liver recurrence (FLR) was defined as the time to local tumor recurrence, disease-free survival (DFS) as the time to any tumor recurrence (local or distant-organ metastasis). OS was calculated as the period of time from the time of HCC resection until date of death or last follow-up. Circulating IGF-1 and AFP correlations with FLR, DFS and OS were tested using Wald test in univariate Cox regression analysis, using logtransformed covariates, and stratifying by treatment type. Comparison of biomarker levels was performed using exact Wilcoxon test.
RESULTS RESULTS
Patient characteristics
The study enrolled 153 HCC patients. Of these, 84 patients had valid measurements of IGF-1 in plasma prior to surgery for liver resection (n=31) or liver transplantation (n=53), and 69 patients had serum collected prior to surgery for liver resection. As expected, there were significant differences between the groups in patient characteristics. Patients undergoing liver transplantation were younger (57 vs 63 yr), had smaller tumors (3.8 vs 5.3 cm), higher international normalized ratio (INR) (1.4 vs 1.0), more frequently viral etiology and cirrhosis (100% vs 80%) than HCC patients in the liver resection group (table  1) . Moreover, approximately half of the patients undergoing liver transplantation received a prior treatment (TACE) while all except 1 patient were treatment-naïve in the liver resection group.
Pretreatment plasma and serum biomarkers levels in HCC patients stratified by surgical intervention
We measured plasma and serum levels of IGF-1 and AFP in HCC patients and healthy individuals, as a control. We found comparable values in plasma IGF-1 
DISCUSSION DISCUSSION
IGF-1 plays an important role in the pathogenesis of chronic liver disease and progression to HCC, as demonstrated by both in vitro experiments and in vivo xenograft data. Epidemiologic and clinicopathological studies further support an association of the GH-IGF system with the development of HCC. In this study in a Romanian population, plasma IGF-1 was decreased in HCC patients as compared with healthy individuals, and plasma IGF-1 was associated with the presence of cirrhosis in HCC patients. Our results are consistent with previous findings of reduced IGF-1 levels in cirrhosis (36) (37) (38) (39) (40) . Reduced levels of IGF-1 in patients with hepatic cirrhosis are attributed to liver damage, as hepatocytes are the primary source of IGF-1 in response to GH stimulation (35, 41) . The observation that IGF-1 synthesis reflects the severity of liver fibrosis in chronic hepatitis C supports this hypothesis (35 studies have reported significant reduction of serum IGF-1 levels in patients with HCC as compared to cirrhosis and healthy controls (39, (42) (43) (44) ).
Our results demonstrate, additionally, that plasma IGF-1 levels were significantly associated with DFS and OS in surgical HCC patients. However, this correlation was due to the significant associations seen between higher IGF-1 with FLR, DFS and OS following liver transplant in HCC patients. Patients with higher baseline IGF-1, had 33% lower chance of liver recurrence and 29% lower rate of death following transplantation. The recurrence of HCC after liver transplant was associated with a poor prognosis, and identification of high-risk groups may allow tailoring of immunosuppression regimens, selection of patients for closer surveillance, or appropriate enrolment in trials of adjuvant therapy, such as sorafenib (45) (46) (47) (48) (49) . To the best of our knowledge, we provide the first description of preoperative IGF-1 levels correlation with outcomes following liver transplant in an HCC population. These findings support incorporating preoperative IGF-1 into prognostic biomarkers work up before liver transplant similar to serum AFP which has emerged as an important predictor of tumor recurrence following surgery or liver transplant (50) (51) (52) . Previous studies had explored the role of IGF-1 as a marker of liver function after liver transplantation (53, 54). Salso et al. reported that IGF-1 levels persistently lower than 90 mUI/mL later than one week following liver transplant were associated with significantly worse outcomes -short-term survival was observed in less than 13% of these patients (54) given that circulating IGF-1 reflects poor liver reserve status.
In our study, baseline (plasma or serum) IGF-1 levels were not associated with outcomes following surgical resection. This is in contrast to previous studies demonstrating that low preoperative circulating IGF-1 is significantly associated with risk of early recurrence in HCC patients (34, 55 In our study, serum IGF-1 levels were significantly higher than plasma IGF-1 levels. This is consistent with a 2015 study that evaluated circulating IGF-1 levels in 30 healthy female participants in the PLCO trial, which demonstrated that median serum IGF-1 was 101.8 ng/mL versus 90.6 ng/mL in the plasma (p<.0001)(56, 57). That study suggested that serum and plasma IGF-1 levels are significantly correlated (49, 57) . However, these results highlight the caution required comparing biomarkers in populations with different specimen types (plasma versus serum) and different patient populations.
Finally, our findings indicate that baseline AFP levels were also not associated with survival outcomes. Previous studies have demonstrated AFP levels to be significantly associated with outcomes following surgical resection and liver transplantation in HCC patients (50-52). Ma et al. showed that patients with preoperative serum AFP≤20 ng/mL had lower postoperative 2-year recurrence rate, and higher 18-month survival rate and 24-month survival rate (p<0.05) (51) . Berry et al. demonstrated that baseline AFP independently predicts survival following liver transplantation for HCC -patients within the Milan criteria who presented with elevated AFP had substantially higher risk of death (for a serum AFP level ≥ 66 ng/mL, HR = 1.93, 95% CI = 1.74-2.15) (58). The reasons for these inconsistent findings are also unknown and may depend on differences between methodologies or patient populations. There are several limitations in this study. First, we conducted a single-center study with a relatively small sample size. Second, this was an observational study, and therefore causality cannot be inferred. Third, we had no serum IGF-1 measurements from patients undergoing liver transplantation, which could explain some of the observations that are inconsistent with the published literature on serum IGF-1. Lastly, we did not evaluate other circulating factors related to the GH-IGF axis, including IGF-2 and IGF binding protein 3 (IGFBP-3), which is the main IGF-1 binding protein. Nevertheless, our study represents the first study of plasma IGF-1 as a candidate biomarker of outcome in an HCC transplant population. Clearly, this hypothesis generating finding need to be validated in larger studies.
In summary, we demonstrate that decreased plasma IGF-1 levels correlate with the presence of cirrhosis in HCC patients, and that elevated plasma IGF-1 could be explored as a promising non-invasive biomarker of good prognosis in HCC patients treated with liver transplantation. Independent validation of this biomarker is warranted in the setting of liver transplantation to confirm and further define the prognostic implications of plasma IGF-1 in this population.
